Lake Bonneville, the Pleistocene precursor to contemporary Great Salt Lake, represents an iconic locality in the history of earth science. First identified by G. K. Gilbert in 1872, documented in the 1875 Wheeler Survey report, and later examined in detail in Gilbert's Lake Bonneville (1890) , this North American paleolake has continued to generate sustained scientific interest over the past century and a half. The volume under review here, Lake Bonneville: A Scientific Update, attempts a comprehensive synthesis of this vast literature, including the most recent advances and developments. As a synthesis and update, the volume is a resounding success. The breadth of research accumulated in its 659 pages is as impressive as the depth of analysis in each of its twenty-three chapters. Beyond synthesis, though, the book accomplishes something even more remarkable for an edited volume: It serves as a model for truly comprehensive, interdisciplinary earth science scholarship. By updating the story of Lake Bonneville, the editors and authors have exemplified how the scientific understanding of Earth's biophysical environments (past and present) is best achieved through patient, robust, collaborative, and ongoing research that continues to revise and refine its conclusions through careful analysis of the field-based empirical record itself. As Vic Baker describes in the volume's foreword, this is a project that fulfills the "critical role of the Earth sciences to let the Earth tell us," "[r]ather than us telling, through our assumption-based model [s] , how the Earth will be" (p. xxxiii).
Toward the end of the Pleistocene, Lake Bonneville was the largest pluvial lake in western North America: At its maximum extent it covered over 50,000 km 2 and stood about 1560 m above modern sea level (~280 m higher than Great Salt Lake today). Among the most conspicuous clues to its existence are the paleoshorelines exposed along the Wasatch front and elsewhere throughout northwestern Utah, eastern Nevada, and southern Idaho. These are the features that first attracted Gilbert's attention, and their updated analysis represents the cornerstone of five individual chapters from this volume. Shoreline elevations and distributions have been used primarily to reconstruct the chronology of lake level fluctuations and to interpret paleoclimatic and paleohydrologic causes of these changes. The Bonneville shoreline is the highest of several regionally identifiable shorelines, and the chapter by Oviatt and Jewell examines its geomorphologic, sedimentologic, and stratigraphic characteristics in detail. The chapter argues in favor of Gilbert's original interpretation that it represents a short-lived maximum elevation shoreline formed just as the lake overtopped and rapidly incised its drainage divide about 18 ka. Other chapters focus on Pilot Valley and Provo shorelines, lower elevation assemblages of features (beach ridges, spits, tombolos, deltas, marl deposits) that represent longer duration episodes of relative lake-level stability, both predating and succeeding formation of the Bonneville shoreline (Miller and Phelps; Miller) . Two further shoreline-related chapters include one examining isostatic adjustments using detailed digital elevation models (DEMs), geochronology, and modeling of differ-ential rebound (Adams and Bills), and another focusing on recent (1986) (1987) fluctuations of Great Salt Lake on the order of about 3 m (Atwood et al.). Both chapters demonstrate how increasingly precise measurements of shoreline elevations can refine estimates of paleolake fluctuations, water balance, and paleohydrological variability. The unifying consensus among all five shorelinespecific chapters is that most of Gilbert's original hypotheses have been supported, a few revised or refuted, and that an increasingly precise chronology has developed throughout the late twentieth and early twenty-first centuries as radiometric dating and other analytical methods have become available.
Whereas shoreline features provide direct evidence for Lake Bonneville's elevation and extent, numerous related geomorphologic phenomena provide critical clues that enable a more complete interpretation of its significance. Foremost among these are the flood features and deposits associated with the cataclysmic lowering of Lake Bonneville by about 115 m c. 18 ka. O'Connor's chapter on the Bonneville flood (appropriately placed between chapters on the Bonneville and Provo shorelines) represents a fascinating blend of empirical analysis and thoughtful historical appraisal of changing hypotheses and conclusions since Gilbert's initial work. The chapter documents evidence for the magnitude and hydraulic characteristics of the flood itself (total volume about 5,000 km 3 with peak discharge about 1 million m 3 sec -1
) and explains how an increasingly detailed understanding of its causes and effects has both resolved questions related to lakelevel fluctuations and contributed to broader geomorphologic theory concerning the role of catastrophic events in modifying landscape form. An important feature of this chapter, in many ways characteristic of the volume as a whole, is its articulation of how interpretations of physical evidence and the development of a robust chronology have changed through time. The author's own earlier work on the Bonneville flood (e.g., O'Connor 1993) examined hydraulic characteristics of the flood and established its age at about 14.5 ka. As new chronometric data have become available, the flood's age has been revised to 18 ka. This estimate also aligns with the many complementary strands of evidence concerning lake levels and paleoclimate. The chapter illustrates and explains how revision of the Lake Bonneville chronology is an ongoing, collaborative process that demands a willingness to refine assumptions and previous conclusions in the face of new evidence. Additional geomorphology-themed chapters include one focused on the paleohydrology of the Bear River (Pederson et al.) and another focused on the glacial geology of mountains surrounding the Bonneville Basin (Laabs and Munroe). Both chapters are rich with implications for understanding regional hydrologic balance and paleoclimate. They are also quite comprehensive, at thirty-one and forty-one pages, respectively, containing detailed compilations and syntheses of essentially all relevant published data on their subjects. This thoroughness, of data, analysis, and historical development of ideas, is characteristic of many chapters throughout the volume.
To place Lake Bonneville's story within its appropriate environmental context, it is necessary to evaluate proxy evidence for changes in climate, vegetation, and regional hydrology. The volume accomplishes this by incorporating six chapters that focus on paleoclimate, biogeography, and paleoecology. Two chapters employ palynological reconstruction, from sediment cores and packrat middens, to characterize regional variations in species composition and help interpret changes in regional climate derived from lake-level records (Thompson et al.; Rhode). Three other chapters focus on past and present fish, mammal, and bird assemblages to understand changing ecological dynamics of habitat and resource availability through space and time (Broughton and Smith; Schmitt and Lupo; Wolfe and Broughton). A speleothem-based chapter provides independent, high-resolution proxy evidence for fluctuations in regional climate (Lachinet). Many of the analytical approaches presented in these paleoclimate-related chapters were not yet developed or in their infancy during Gilbert's time; they represent a broadening of perspective in the developing narrative of environmental changes in the Lake Bonneville region throughout the late Quaternary.
Additional chapters that round out the volume's truly expansive range include topics such as archaeology, geophysics, remote sensing, planetary geology, and geoheritage. Although these diverge from the dominant Quaternary science perspective found throughout the remainder of the volume, they neither distract from nor detract from the cohesiveness of Lake Bonneville's story as it unfolds through the individual contributions. The chapter on early human occupation documents independent archaeological records that corroborate lake-level reconstructions and paleohydrological interpretations (Madsen). It also helps frame the human significance of environmental changes documented elsewhere. From the time of the earliest human settlement in the region (c. 13 ka) to the present, "the lake's impact on the people of the Bonneville Basin has never entirely disappeared" (p. 504). A chapter on geological heritage in the urban landscape provides a reminder of the contemporary societal relevance of Lake Bonneville and its associated features. The impacts of ongoing urban development in greater Salt Lake City on Lake Bonneville's unique geological legacy highlight the importance of environmentally conscious land-use planning and management. The global geoheritage movement has raised public awareness of past environmental changes and their impact on landscapes. This awareness could enable proactive land conservation of unique geological features that still have lessons to teach us about Earth's ever-changing environments, both in the Salt Lake region and elsewhere throughout the world.
The volume's twenty-three chapters were authored by a total of fifty-one authors, with disciplinary affiliations including anthropology, biology, geography, geology (the substantial majority of authors), planetary science, paleoclimatology, and zoology. University of Utah and Brigham Young University authors feature prominently, and contributors from other universities, the U.S. Geological Survey, National Aeronautics and Space Administration Jet Propulsion Laboratory, and elsewhere comprise the remainder of the authorship. Most of the authors are considered among the world's leading experts on the subjects of their individual chapters. This depth of expertise, combined with the thoroughness and care most have dedicated to the preparation of their work, will ensure that the volume remains an authoritative reference for years and decades to come. The volume is dedicated to geographer Donald R. Currey, whose publications and commitment to unraveling the Lake Bonneville story have directly or indirectly inspired most of the volume's contributors.
The overall presentation and quality of the finished product are worth commending. It is hardbound with a wonderful cover image of Gilbert's (1890) original map of Lake Bonneville that depicts his routes of travel, a useful reminder of the field-based data collection necessary to initiate and sustain such research. The volume contains excellent figure reproduction, including many detailed maps that reflect a commitment to effective cartographic design. It also includes comprehensive tables that compile a remarkable quantity of previously published and novel empirical data. Chapters are organized in an intuitive and creative manner, using a combination of chronological and disciplinary approaches. The volume maintains consistent organization, style, and voice throughout, an admirable editorial accomplishment that enhances the volume's unifying theme.
Lake Bonneville: A Scientific Update is a monumental contribution. Its subject first attracted the attention of one of the most venerated geologists of all time: Gilbert's research on Lake Bonneville stands among his best work. Beginning with Gilbert's observations, analyses, and hypotheses, many scientists from varying disciplinary backgrounds have worked independently and collectively to test and retest these ideas, continue to gather novel empirical data, and continue to employ increasingly sophisticated techniques. This volume will appeal most directly to Quaternary scientists of any stripe: Lake Bonneville's iconic status within the history of earth science makes this an instantly classic work. Other strands of geologists, geographers, and ecologists will find much to enjoy here as well. Certainly the volume will have a strong regional audience, as Lake Bonneville's features are immediately recognizable to Salt Lake City's million-plus inhabitants. Few will pick up and engage with this volume for a coverto-cover read. Nevertheless, it maintains something of a narrative quality, which is a feature common to much outstanding scholarship in the earth sciences (Frodeman 2003; Phillips 2012) . The cast of supporting characters includes both the landscape features that have been so systematically analyzed here, and the people whose work has provided coherence to their understanding. The protagonist and hero, however, remains Lake Bonneville itself, the story of which continues to have much to teach us about Earth's ever-changing and dynamic landscapes.
